Kinetic parameters and stability constants of [Mn -sulfonamides -cephalothin] system were reported at pH = 7.30 ± 0.01 in 1.0 M NaClO 4 at 25 ºC. The sulfonamides were sulfadiazine, sulfisoxazole, sulfamethaxyzole, sulfamethazine, sulfathiazole, sulfacetamid e and sulfanilamide as primary ligands, and cephalothin as secondary ligand. Values of transfer coefficient (α) varied from (0.41 to 0.59), showing that transition state behaves between oxidant and reductant response to applied potential and it adjusts itself in such a way that the transition state is located midway between dropping mercury electrode and solution interface. The rate constants (k) varied from 3.61 x 10 -3 cm.sec.
Introduction
Sulfonamide drugs were the first effective chemotherapeutic agents to be employed systematically for the prevention and cure of bacterial infections in man [1, 2] . These drugs undergo metabolic alterations to a varying extent in the tissues, especially in the liver [2] . These drugs affect a broad spectrum of bacteria because of the wide distribution of the enzyme system which they disrupt [2] . Also, they are active against gram -positive cocci and gram negative bacilli [3] and some are possessing effective antifungal properties against the pathogenic yeast candida albicans [4, 5] . On the other hand, cephalothin is a member of cephalosporin drugs which is used against bacterial infections and diseases therefore; the metal complexes of sulfonamide and cephalothin with Mn have great importance. The aim of the present investigation is to study the position of 'transition state' and its dependence on applied potential in [Mn -sulfonamidescephalothin] system and the kinetic parameters viz. transfer coefficient (α), degree of irreversibility (λ), diffusion coefficient (D) and rate constant (k) in these electrochemical reactions.
Experimental
All the chemicals were used as such without further purification and their solutions were prepared in deionized water (Millipore). Sodium salts of all the selected sulfur drugs (Sigma and Fluka) and cephalothin (Aldrich) were used. The pH of the analyte was measured on a pH meter (Elico -LI -10) using glass and calomel electrodes and fixed at 7.30 ± 0.01 with dilute solutions of HClO 4 or NaOH (both BDH) as required. Polarograms were recorded on Polarographic Analyzer (Elico, Hyderabad Model CL -362). The polarographic capillary was 5.0 cm in length with diameter 0.04 mm with characteristics m 2/3 t 1/6 = 2.04 mg 2/3 s -1/2 . All the analytes were deaerated by nitrogen gas before recording the current-voltage graphs. Potassium dihydrogen phosphate-sodium hydroxide buffer was used to stabilize the pH of the analyte.
Results and discussion

Mn
2+ gave a well defined two electron quasireversible wave at pH = 7.20 to 8.50 in the presence of 1.0 M NaClO 4 at 25 ºC [6] , but pH = 7.30 was selected on account of studying the complexes in human blood pH. The waves of complexes were also quasireversible.
[Mn-sulfonamide] system
In this system, the concentrations of sulfonamide varied from (0.5 mM to 30.0 mM) in each case. The concentration of metal, NaClO 4 and Triton X -100 were 0.5 mM, 1.0 M and 0.001%, respectively. The E 1/2 values became more negative on increasing the concentration of each sulfur drug to Mn showed complex formation. The Gellings [7] method was used to determine the E 1/2 reversible values from E 1/2 quasireversible values. Deford and Hume method [8] was used to determine the 1:1, 1:2 and 1:3 complexes with selected sulfur drugs. The values of stability constants were given in (Table 1) .
[Mn-sulfonamides-cephalothin] system
This system was studied at pH = 7.30 ± 0.01 at µ = 1.0 M NaClO 4 in presence of 0.001% Triton X -100 used as suppressor at 25 ºC. The concentration of sulfonamide varied from (0.5 mM to 30.0 mM) at 0.025 M to 0.050 M of cephalothin. The half wave potential increased with the addition of cephalothin to the binary system [Mn -sulfonamide] showing ternary complex formation. Table 2 and Fig. 2 , respectively. The current-voltage curves for [Mn -sulfadiazine -cephalothin] are given in Fig. 3 . 
Comparison of stability of the binary and ternary complexes
Values of mixing constant (log K m ), which compare the stability of binary to the ternary complexes, can be given by the following equation [9] log K m = logβ 11 In case of sulfamethaxyzole and sulfacetamide, 1:2 and 1:1:1 complexes were not formed therefore; the values of log K m were not reported for these systems. It is clear from the values of stability constants of these complexes that the sulfadiazine formed the complexes of minimum stability, which is due to the fact that its complexes showed the lowest values of E 1/2 in comparison to the other sulfonamide complexes [10] . The stability constants of sulfisoxazole complexes are smaller than those of sulfamethaxyzole complexes due to the presence of two -CH 3 groups in the former, causing greater steric hindrance [11] in sulfisoxazole complexes than in sulfamethaxyzole complexes. Similar is the position in sulfamethazine and sulfathiazole complexes. In case of sulfacetamide and sulfanilamide, the former is the N1 -acetyl-substituted derivative of sulfanilamide, forming complexes with Mn having lesser stability constants than sulfanilamide complexes. The electron withdrawing group i.e. -CH 3 CO creates much electronic disturbance in sulfacetamide as a result of which its steric hindrance is greater than that of sulfanilamide metal complexes [11] . The highest values of stability constants of sulfanilamide complexes amongst all other sulfonamide complexes are due the maximum shift of E 1/2 in its complexes [10] . The values of stability constants varied from 1.75 to 9.13, confirming that either sulfonamide or cephalothin or its complexes could be effective against Mn toxicity [12] .
Kinetic parameters of [Mn -sulfonamides -cephalothin] system
The values of kinetic parameters viz. transfer coefficient (α), degree of irreversibility (λ) and rate constant (k) of [Mn -sulfonamides -cephalothin] system were determined by Tamamushi and Tanaka methods [13] [14] by plotting (E 1/2 r -E) against log (Z-1), and the plots between (E 1/2 r -E) vs. log (Z-1) are given in Fig. 4 . Values of kinetic parameters for the [Mn -sulfadiazine -cephalothin] system are given in Table 3 . Values of transfer coefficient (α) varied from {0.41 to 0.59} (0.50) showing that the 'transition state' behaves between oxidant and reductant response to applied potential and it lies in the mid of dropping mercury electrode and the solution interface [15] . The values of diffusion coefficient (D) and degree of irreversibility are as expected [14] . In case of cephalothin, N of the β -lactam ring and O of the carboxylic group took part in bond formation with Mn making five membered rings [16] . The values of rate constant (k) varied from (3.61 x 10 -3 to 9.93 x 10 -3 cm.sec -1 ) confirming the quasi reversible nature of electrode processes.
